INTRODUCTION
The standard durometer has been used to measure the static "hardness" or resistance of materials to indentation. In this test, a metal ball or an indentor is forced into a viscoelastic material, generally in the form of a plane flat slab specimen. The amount of penetration, or the indentation depth h, is related to the static Youngls modulus E and Poisson ratio v of the viscoelastic material, to the force (load) F on the sphere, and the size of the indentor. From these relations [1,21, and the measurement of F and h, one can determine E and u of the test object .
To our knowledge, an equivalent satisfactory dynamical model in which the indentation force is (periodically) time dependent has not been Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jp4:19945178 developed analytically.
Related studies refer to a vertical time dependent point force acting on the surf ace of a uniform half space 131 , or to a conical or wedge-shaped indentor moving into an elastic half space [ 4 ] . Empirical models have been developed for the interaction of transducers placed in contact with a viscoelastic slab to excite shear and compressional waves in the material. H. E. von Gierke et al. [ 5 ] , e-g., have produced such a model to examine the acoustic properties of living tissue. They assume the transducer behaves as a spherical radiator whose diameter equals that of the cylindrical transducers used in his experiments. In this model, the radiation impedance of the vibrating sphere is related to the complex dynamical shear and compressional moduli of the material.
This model, under certain approximations, can be used to infer the dynamic Young's modulus, E r , and loss factor, 6. To perform these measurements, the amplitude of the driving force and acceleration of the transducer which is in contact with the material are measured.
In an experimental study by Madigosky et al.
[ 6 ] , the validity and applicability of this model was examined by comparing the predicted results for E r and 6 to those obtained by more conventional methods, such as developed by Madigosky and Lee 171, or other type of dynamic mechanical testing apparatus such as the dynamic mechanical thermal analyzer (DMTA) [ 8 ] . The goal of the study was to develop a model and simple apparatus which will allow a dynamical measurement of E r and 6 of a viscoelastic material in a manufacturing environment. Table I shows the results of that study for Young's modulus E r and shear loss factor 6 of Nitrile Rubber, with measurements of F/% where x is the acceleration of the test sphere, interpreted by von Gierke's model [ 5 ] (we shall refer to this as the Dynamic Durometer Method), as compared to the results of the DMTA method, indicating fairly good agreement between the two types of measurements. 
THEORY
The model of von Gierke [51 is based on a calculation by Oestreicher [ 9 ] in which the displacement field Z? of a rigid oscillating sphere of radius a, imbedded in an unbounded viscoelastic medium, is obtained in 
and 3. the shear field
The sphere is located at the origin and is assumed to oscillate in the x-direction with unit amplitude; the corresponding boundary condition yields
Here, with material density p , we have where for a lossy material, wP2/p1 =. 8S and wX2/Xl = 6, being shear and compressional loss factor, respectively. Then Young's modulus is
The radiation impedance Z = ~/ i w was calculated analytically [ 9 ] from the x-component of the force acting on the sphere considering the stress Pij l F = 2.rraZIPr1 sinbdb;
( 5 our measurements actually refer to F/% or Z/iw. This experimental result fitted to the analytical expression for Z/iw yielded the values of columns 2 and 3 in Table I .
EXTENSIONS OF THE MODEL
Although the quoted experimental comparisons for viscoelastic media, as well as von Gierke's corresponding measurements on living human tissue [ 5 ] had led to good results and thus verified the model and Oestreicher's impedance formula [91, the model obviously still lacks realism as it neglects the upper (free) and lower (rigid) boundary of the slab-shaped viscoelastic specimen. These effects are currently being included by us based on the concept of image sources (spheres). Taking both boundaries into account leads to an infinite number of image sources.
For the simpler case of one rigid-halfspace boundary a distance d below the center of the sphere, with an image sphere centered around the distance 2d further below, the compressional solutions becomes from Eq. (la) :
where rt = [ (x+dI2 + y2 + and similarly for z2. The radiation impedance Z can be calculated from Eq. ( 5 ) at the place of the test sphere, taking the field of the image sphere into account.
